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This  Letter  Circular  consider 
piezo  oscillator ^namely , its 


checkin,; 


quency  close 


s one  important  application  of 
use  in  a broadcasting  station 
and  assisting  in  the  maintenance  of  a constant  fre- 
to  the  licensed  value.  This  is  not  the  same  thing 


as  automatic  piezo  control,  in  which  the  amplified  output  of  a 
piezo  oscillator  is  actually  transmitted.  Piezo  oscillators  for 
checking  the  frequency  of  broadcasting  stations  are  available 
from  several  commercial  companies.  Description  of  a temperature- 
controlled  piezo  oscillator  designed  by  the  Bureau  of  Standards 
is  contained  in  the  paper  'Design  of  a portable  temperature-con- 
trolled piezo  oscillator,  " by  V.E.  Heaton  and  W. II. Brat  tain , Bureau 


of  Standards 
obtainable  a; 


Journal  of  Research,  4,  pp. 345-350,  Larch  1930,  also 
; Research  Paper  No.  153,  from  the  Superintendent  of 


Documents,  Government  Printing  Office,  Washington,  D.C 


Information  concerning  testing  of  piezo  oscillators  for 
broadcasting  stations  by  the  Bureau  of  Standards  is  contained  in 
Letter  Circular  25S,  -'Testing  of  piezo  oscillators  for  broadcast- 
ing stations,’1  a copy  of  which  may  be  obtained  upon  request. 


Automatic  piezo  control,  that  is,  a system  in  which  the 
piezo  oscillator  is  made  a part  of  the  transmitting  circuits, 
eliminates  the  need  of  observation  and  adjustment.  However, 
this  condition  may  in  itself  constitute  a disadvantage  since 
in  case  of  failure  of  the  piezo  control  to  function  properly 
the  trouble  may  not  become  known  for  a considerable  time. 
However,  a separate  piezo  oscillator,  which  should  be  tempera- 
ture controlled,  may  be  used  for  checking  as  a precautionary 
measure . 


The  use  of  the  piezo  oscillator  as  a separate  device  for 
checking  has  been  found  by  the  Bureau  of  Standards  to  be  useful 
and  satisf actory,  and  has  two  distinct  advantages  over  a fre- 
quency indicator,  frequency  meter,  or  any  similar  device  which 
indicates  the  adjustment  by  maximum  deflection  of  a needle 
moving  over  a scale.  First,  it  is  a particularly  constant  fre- 
quency standard.  Second,  the  indication  of  a piezo  oscillator 
is  unaffected  by  fluctuations  in  the  station’s  power  or  degree 
of  modulation.  For  this  reason  it  may  be  used  to  check  the  fre- 
quency of  the  broadcasting  station  with  equal  accuracy  under  all 
conditions  of  operation.  A caution  required  in  using  the  piezo 
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oscillator,  as  compared  to  a device  using  a visual  indicator, 
arises  from  the  fact  that  some  confusion  may  be  caused  by  the 
production  of  beats  from  so-called  fractional  harmonics.  This 
difficulty  is  overcome  by  familiarity  with  the  use  of  the  piezo 
oscillator  and  by  securing  an  initial  adjustment  of  the  trans- 
mitting set  giving  approximately  the  required  frequency. 

C are  and  Operation  of  _t h_e  Piezo  Oscillator. 

The  quartz  plate  with  its  holder  should  be  considered  as  a 
unit,  and  the  holder  should  not  be  opened.  The  frequency  of  a 
quartz  plate  may  be  changed  by  variations  in  temperature  and 
circuit  constants.  Instruments  are  necessary  to  insure  that 
the  quartz  plate  is  used  with  the  same  adjustments  of  the  cir- 
cuits as  at  the  time  of  calibration.  If  an  accuracy  better 
than  a few  parts  in  10,000  is  desired,  the  quartz  plate  should 
be  kept  in  a temperature-controlled  cabinet.  Temperature-con- 
trolled cabinets  are  now  available  from  several  companies.  If  a 
temperature-controlled  piezo  oscillator  is  employed,  the  heating 
current  supply  should  be  connected  to  the  piezo  oscillator  con- 
tinuously. The  thermostat  employed  to  regulate  the  heating  cur- 
rent should  be  sensitive  enough  to  hold  the  temperature  within 
0.5°C.  or  better.  The  thermostat  should  control  the  heating 
current  by  means  of  a relay.  In  this  manner  the  current  through 
the  thermostat  may  be  kept  very  small.  This  avoids  arcing  and  h ■ 
burning  of  contacts,  which  reduces  the  satisfactory  performance 
of  the  control  system.  An  accurate  mercury  thermometer  should  be 
mounted  with  its  bulb  near  the  quartz  plate  so  that  the  tempera- 
ture can  be  read  on  the  thermometer  r/ithout  having  to  disturb 
any  part  of  the  apparatus. 

For  use  in  stations  of  the  higher  frequencies,  it  may  be 
advantageous  to  select  a quartz  plate  which  has  a harmonic 
rather  than  a fundamental  frequency  of  the  proper  value.  Thus 
a quartz  plate  having  a lower  frequency,  related  to  the  licensed 
frequency  of  the  broadcasting  station  by  some  simple  ratid  such 
as  1/4,  1/3,  1/2,  3/4,  etc.,  would  be  used  for  checking  the 
transmitted  frequency.  It  has  been  found  that  a harmonic  of 
the  fundamental  oscillation  is  usually  satisfactory  for  this 
purpo  se . 

Dry  batteries  may  be  used  to  supply  the  necessary  power  to 
the  piezo  oscillator.  It  is  very  desirable  that  these  be  placed 
in  a battery  box  with  convenient  connection  terminals  plainly 
marked  which  are  connected  to  the  piezo  oscillator  with  flexible 
insulated  leads.  If  a dry-cell  A -battery  is  employed  the  fila- 
ment rheostat  should  at  all  times  be  turned  off  when  the  piezo 
oscillator  is  not  actually  in  use;  otherwise  frequent  renewals 
will  be  necessary.  The  use  of  a storage  A-battery  is  to  be 
preferred.  Failure  of  the  piezo  oscillator  to  operate  may  be 
due  to  defective  A or  B batteries  or  a defective  tube.  Occasion- 
ally trouble  may  be  due  to  the  quartz  plate  sticking  in  the 
holder  and  this  may  be  overcome  by  shaking  the  holder  slightly. 
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Use  in  Checking  Frequency  of  Broa dcasting  Station. 

After  the  quartz  plate  has  been  adjusted,  to  the  required 
frequency,  the  piezo  oscillator  is  ready  for  use  in  checking 
the  frequency  of  the  station.  The  piezo  oscillator  is  placed 
in  the  operating  room  in  a convenient  location  for  listening 
in  the  headphones  and  making  the  necessary  frequency  adjustment 
of  the  transmitting  set.  The  most  satisfactory  location  is  de- 
termined by  trial.  If  the  piezo  oscillator  is  too  close  to  the 
source  of  power,  its  operation  may  be  unsteady  as  evidenced  by 
jerking  of  the  pointer  of  the  mi  Hi  ammeter ; if  too  far  away, 
a beat  note  of  satisfactory  intensity  will  not  be  obtained. 

If  necessary,  the  leads  to  the  headphones  may  be  lengthened 
or  a loud  speaker  may  be  used  in  order  that  the  same  observer 
may  make  the  adjustment  of  the  transmitting  circuit  while 
listening  to  the  beat  note  in  the  phones  of  the  piezo  oscil- 
lator. The  "jerking”  of  the  pointer  of  the  milliammeter  re- 
ferred to  above  should  not  be  confused  with  the  steady-  vibra- 
tion of  the  pointer  which  may  occur  when  the  transmitting  set 
is  adjusted  within  a few  cycles  per  second  of  the  frequency  of 
the  piezo  oscillator. 

In  the  initial  use  it  is  very  desirable  that  some  form  of 
frequency  meter  (wavemot er ) bo  used  to  obtain  an  approximate 
frequency  adjustment  of  the  transmitting  set  and  also  to  insure 
that  the  boat  note  obtained  in  the  phones  of  the  piezo  oscil- 
lator is  produced  by  the  fundamental  frequencies.  After  a 
little  experience  has  been  gained  in  the  use  of  the  piezo 
oscillator  it  should  not  be  necessary  to  employ  an  auxiliary 
measuring  instrument. 

After  making  an  approximate  adjustment  of  the  transmitting 
sot  to  obtain  a frequency  differing  by  not  more  than  about  ten 
kilocycles  per  second  from  the  piezo  oscillator,  a boat  note- 
will  be  heard  in  the  phones  of  the  piezo  oscillator.  This 
beat  is  caused  by  the  interaction  of  the  two  frequencies. 

The  frequency  of  the  transmitting  set  is  then  adjusted  in  such 
a manner  that  the  pitch  of  the  beat  note  becomes  lower  and  lower. 
The  adjustment  is  carefully  continued  until  zero  beat  is  pro- 
duced; that  is,  the  condition  where  the  beat  is  no  longer 
audible  in  the ' headphones  of  the  piezo  oscillator  but  reappears 
when  the  frequency  of  the  transmitting  set  is  increased  or  de- 
creased slightly.  This  indicates  that  the  transmitting  set  is 
adjusted  approximately  to  the  frequency  of  the  piezo  oscillator. 
This  condition  should  be  checked  at  frequent  intervals  (e.g. , 
every  five  minutes)  by  listening  in  the  headphones  to  ascertain 
that  a constant  frequency  is  being  maintained.  Care  should  be 
taken  to  see  that  the  piezo  oscillator  is  generating  at  all 
times  when  the  frequency  of  the  transmitting  set  is  being 
checked,  otherwise  it  may  appear  that  a zero  beat  adjustment 
is  being  maintained  when  actually  the  frequency  of  the  trans- 
mitting set  may  have  shifted. 
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An  amplifier  nnd  loudspeaker  may  be  provided  and  the 
piezo  oscillator  operated  continuously  while  the  transmitting 
set  is  in  operation.  Any  appreciable  change  in  the  frequency 
of  the  transmitting  set  will  then  be  known  at  once  and  can  be 
corrected  immediately. 


